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We present a new class of models of lepton flavor in the composite Higgs framework. Following
the concept of minimality, they lead to a rich phenomenology in good agreement with the current
experimental picture. Because of a unification of the right-handed leptons, our scenario is very
predictive and can naturally lead to a violation of lepton-flavor universality in neutral current
interactions. We will show that, in particular, the anomaly in RK = B(B → Kµ+µ−)/B(B →
Ke+e−), found by LHCb, can be addressed, while other constraints from quark- and lepton-flavor
physics are met. In fact, the minimal structure of the setup allows for the implementation of a very
powerful flavor protection, which avoids the appearance of new sources of flavor-changing neutral
currents to very good approximation. Finally, the new lepton sector provides a parametrically
enhanced correction to the Higgs mass, such that the need for ultra-light top partners is weakened
considerably, linking the mass of the latter with the size of the neutrino masses.
I. INTRODUCTION
Composite Higgs models (CHMs), where the Higgs
boson is a bound state of some new strong interaction
[1, 2], offer a compelling framework for addressing the
gauge hierarchy problem, since the Higgs mass is pro-
tected by its finite size. In addition, if it is assumed to
be the Nambu-Goldstone boson of some global symme-
try of the strong sector [3–5], only broken by the weak
couplings to the SM-like spin-1 and spin-1/2 elementary
degrees of freedom (dof), the Higgs boson is naturally
much lighter than the scale where the new strong inter-
action starts to be resolved. This allows in particular for
a robust effective low-energy description without specify-
ing its constituents. If one further assumes linear mixings
of the SM-like fields (besides the Higgs) with the compos-
ite operators, the light mass eigenstates will be mixtures
of elementary and composite dof, naturally explaining
the observed flavor structure. This concept is known as
partial compositeness. In this Letter, we present a very
minimal implementation of the lepton sector in CHMs,
realizing neutrino masses via a type-III seesaw mecha-
nism. This allows to unify the right-handed (RH) lep-
ton sector by embedding both the RH charged leptons
as well as the RH neutrinos in a single representation of
the global SO(5) of the minimal composite Higgs model
[5] (MCHM), reducing the dof as well as the number of
parameters with respect to standard realizations of the
fermion sector.
Interestingly, linked to this unification, our setup pre-
dicts a violation of lepton-flavor universality (LFU) in
neutral current interactions, while LFU is basically re-
spected in charged currents. In fact this is notable in the
light of the recent LHCb measurement [6] of the ratio
RK =
B(B → Kµ+µ−)
B(B → Ke+e−)
∣∣∣∣exp
q2∈[1,6] GeV
= 0.745+0.090−0.074 ± 0.036 ,
(1)
which shows a 2.6σ discrepancy with respect to the Stan-
dard Model (SM) prediction of
∣∣RSMK − 1∣∣ < 1% [7]. We
will see that such a value can arise very naturally in our
setup.
Finally, the non-trivial lepton sector has a significant
impact on the composite-Higgs potential, allowing for a
light 125 GeV Higgs boson without the necessity of ultra-
light top partners with masses below the Higgs-decay
constant fpi . 1 TeV [8]. Here we will entertain for the
first time a full flavor model, implementing in particular
a flavor symmetry that will lead to a vanishing of po-
tentially dangerous flavor-changing neutral currents (FC-
NCs). We will particularly scrutinize the phenomenology
in the (lepton) flavor sector, with a special emphasis on
RK .
II. SETUP, EWSB AND FLAVOR STRUCTURE
We consider the minimal custodial embedding of the
SM lepton sector including three RH fermion triplets
with zero hypercharge, Σ`R, with ` = e, µ, τ . If these
new dof have Majorana masses of order O(MGUT), the
observed tiny neutrino masses can be explained with
O(1) Yukawa couplings via the (type-III) seesaw mech-
anism. In the framework of the MCHM, or its five di-
mensional (5D) holographic dual [9–12], where the Higgs
is identified with the pseudo Nambu-Goldstone bosons of
SO(5)/SO(4), this is realized by embedding all the RH
leptons within each generation in the same symmetric
representation (14) of SO(5), whereas every left-handed
(LH) doublet is embedded in a fundamental representa-
tion (5) of the same group.
This minimal realization of the lepton sector, has some
striking consequences on electroweak symmetry breaking
(EWSB) and the mass of the Higgs boson. First of all,
by unifying RH neutrinos and charged leptons within the
same 14 of SO(5), it links together several a priori un-
related aspects of the theory, like the overall size of the
neutrino masses with the breaking of the EW symmetry
and the Higgs mass and thus finally with the masses of
top partners. This can be easily understood within the
dual 5D theory; since the Majorana masses can only arise
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2from the ultra-violet (UV) brane, where SO(4) is not re-
spected, in order to warp down the otherwise O(MPlanck)
effective Majorana masses, the corresponding RH zero-
modes have to be localized closer to the infra-red (IR)
brane, leading then to RH charged leptons with a sizable
degree of compositeness. (Note that custodial symmetry
will still guarantee the agreement of the Z`R ¯`R couplings
with EW precision measurements.) Moreover, since the
quantum numbers of the symmetric representation allow
for the lepton contribution to the Higgs mass to appear
at leading order in the degree of compositeness, contrary
to the general case, large effects are expected even for
moderately composite leptons. By partially canceling
the top quark contribution to the Higgs mass in a sizable
region of parameter space, this enhanced lepton contri-
bution can then allow for a larger top-quark breaking of
the Goldstone symmetry while still reproducing the light
Higgs mass. This relaxes significantly the upper bound
on the mass of the potentially light top partners (see Fig-
ure 1 below), which would otherwise be required in order
to reduce the Goldstone breaking for a fixed mt. Finally,
the possibility of having an additional source of sizable
contributions to the Higgs mass allows for a viable EWSB
in previously disregarded most minimal models where the
contribution of the top-sector alone would not be suffi-
cient (at least in scenarios that have a holographic dual).
This is the case for a fully composite tR, with the LH
doublet being embedded in a 5, which we will employ in
the following.
To be more specific, let us consider the following
5D holographic theory where the usual four-dimensional
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FIG. 1: Mass of the lightest top partner versus the Higgs
mass as a function of the tuning ∆BG, with lighter points
corresponding to smaller values of ∆BG, for fpi = 1 TeV. The
yellow band corresponds to mH(fpi) = 105 GeV (1± 7.5%).
(4D) Minkowski space is extended with a slice of AdS5,
ds2 = a2(z)
[
ηµνdx
µdxν − dz2] ,
a(z) = R/z, (2)
where z is the coordinate of the additional spatial di-
mension R ≤ z ≤ R′ and R ∼ M−1Pl (R′ ∼ TeV−1) is
the position of the UV (IR) 4D brane. The global sym-
metry breaking SO(5)/SO(4) of the 4D strongly coupled
theory is realized in the 5D holographic picture by an IR
brane respecting only an SO(4) gauge symmetry, whereas
the bulk along the extra dimension is gauge invariant
under SO(5). In order to reproduce the correct Wein-
berg angle, an extra U(1)X gauge symmetry is added to
both the bulk and the IR brane. Finally, the gauging
of GEW = SU(2) × U(1)Y is realized in the 5D theory
in a similar way, by keeping the UV brane just invariant
under GEW ⊂ SO(4)× U(1)X .
The lepton matter content consists of just the SO(5)×
U(1)X multiplets ζ
`
1 ∼ 5−1, ζ`2 ∼ 14−1 for ` = e, µ, τ .
To specify how the different zero-modes, identified with
the SM particles, are embedded in these fields, we give
the boundary conditions at the two 4D-branes
ζτ1 = τ
′
1[−,+]⊕
(
ντ1 [+,+] τ˜1[−,+]
τ1[+,+] Y˜
τ
1 [−,+]
)
,
ζτ2 = τ
′
2[−,−]⊕
(
ντ2 [+,−] τ˜2[+,−]
τ2[+,−] Y˜ τ2 [+,−]
)
(3)
⊕
 λˆτ2 [−,−] ντ ′′2 [+,−] τ ′′′2 [+,−]νˆτ2 [−,−] τ ′′2 [+,−] Y τ ′′′2 [+,−]
τˆ2[−,−] Y τ ′′2 [+,−] Θτ ′′′2 [+,−]
 ,
where for simplicity we have focused on the third gen-
eration, with the other two being completely analo-
gous. We have explicitly shown the decomposition under
SU(2)L×SU(2)R, where the bidoublet is represented by
a 2× 2 matrix on which the SU(2)L rotation acts verti-
cally and the SU(2)R one horizontally. The left and right
columns correspond to fields with T 3R = ±1/2, while the
upper and lower rows have T 3L = ±1/2 (and analogously
for the bi-triplet). The hypercharge of a given fermion
fulfills Y = T 3R + QX , with QX the U(1)X charge. The
signs in square brackets denote the boundary conditions
at the UV and IR branes. A Dirichlet boundary condi-
tion for the RH (LH) chirality is denoted by [+] ([−]),
with LH (RH) zero modes being present for fields with
[+,+] ([−,−]) boundary conditions. The quark sector
is given by the following four multiplets per generation:
ξi1 ∼ 52/3, ξi2 ∼ 12/3, ξi3 ∼ 5−1/3, ξi4 ∼ 1−1/3, i = 1, 2, 3,
or more explicitly,
ξi1 =
(
Λ˜i[−,+] ui1[+,+]
u˜i[−,+] di1[+,+]
)
⊕ ui′1 [−,+], ξi2[−,−], (4)
ξi3 =
(
ui3[−,+] d˜i[−,+]
di3[−,+] Ξ˜i[−,+]
)
⊕ di′3 [−,+], ξi4[−,−]. (5)
This minimal model of composite leptons naturally al-
lows for a very strong flavor protection, requiring any
3lepton flavor violating (LFV) process to be mediated by
extremely suppressed neutrino-mass insertions and lead-
ing, in particular, to the absence of dangerous FCNCs
in the lepton sector to excellent approximation. First of
all, it is straightforward to see that in the conformal or
decompactified limit, given by R → 0 and R′ → ∞,
the lepton sector of the theory features an accidental
U(3)1 × U(3)2 global symmetry corresponding to arbi-
trary rotations in the flavor space of the 5D multiplets ξ`1
and ξ`2. However, this global symmetry is broken in the
compact theory by different values of the fermion bulk
masses as well as by the presence of IR brane masses, re-
quired to generate a massive low-energy chiral spectrum.
One possibility is to assume that these sources of flavor
violation are controlled by the vacuum expectation value
of some non-dynamical field Y [13, 14]. Since we want
these symmetries to be global symmetries of the strongly
coupled 4D theory, we will consider the bulk of the ex-
tra dimension and the IR brane (its holographic dual)
to be SU(3)1 × SU(3)2 gauge invariant. The bulk fields
will thus transform as ζ1 ∼ (3,1), ζ2 ∼ (1,3). On the
other hand, since the elementary sector represented by
the UV brane does not respect this symmetry, one can
have general Majorana masses
LUV ⊃ −1
2
a4M ``
′
Σ Tr
(
Σ¯c`RΣ`′R
)∣∣∣
z=R
+ h.c., (6)
where
Σ` =
(
νˆ`2/
√
2 λˆ`2
`2 −νˆ`2/
√
2
)
, ` = e, µ, τ . (7)
However, in the bulk and on the IR brane, the gauge
flavor symmetry will be only broken by powers of the
spurion Y ∼ (3, 3¯). Therefore, the corresponding bulk
masses will be given by
c1 = η11 + ρ1YY†, c2 = η21 + ρ2Y†Y, (8)
while the IR brane masses will read
a4
[
ωS
(
ζ¯
(1,1)
1L Yζ(1,1)2R
)
+ ωB(ζ¯
(2,2)
1L Yζ(2,2)2R )
]∣∣∣
R′
+ h.c.,(9)
where the superscripts (1,1) and (2,2) denote the sin-
glet and the bidoublet components, while η1,2, ρ1,2 ∈ R
and ωS,B ∈ C. The fact of having just two SO(5) lepton
multiplets and thus being able to use only one SU(3)1×
SU(3)2 spurion, Y, allows us to diagonalize both (8) and
(9) by performing the rotation ζ1 → U1ζ1, ζ2 → U2ζ2,
where U†1Y U2 = diag(yee, yµµ, yττ ) ≡ y``. Therefore, in
this particular basis, the whole Lagrangian will be fla-
vor diagonal with the exception of the Majorana mass in
(6), which becomes UT2 MΣ U2. Note that potential FC-
NCs induced by this structure will be suppressed by large
Majorana masses. We take random values of |ωS,B | ≤ 1,
0 ≤ η1 ≤ 1, |ρ1| ≤ 1 as well as |∆ρ| = |ρ1 − ρ2| ≤ 0.1,
obtaining η2 and 0.1 ≤ |y``| ≤ 0.7, ` = e, µ, τ , as a func-
tion of the charged lepton masses and the scale of the
neutrino masses.
For simplicity, we consider the more general case of
arbitrary sources of flavor breaking in the quark sector,
with their IR and UV brane masses reading
− a4
[
M iju ξ
i(1,1)
1L ξ
j
2R +M
ij
d ξ
i(1,1)
3L ξ
j
4R
]∣∣∣
R′
+ h.c., (10)
and − a4
[
∆ij q¯i1Lq
j
3R
]∣∣∣
R
+ h.c., respectively, where
M iju,d ∈ C. The mixing terms ∝ ∆ij ∈ C are needed in
order to split the LH zero-mode between the up and the
down sectors. For simplicity and to avoid ruining the hi-
erarchical structure of the quark mass matrix [15], we as-
sume that ∆ = δ1. We take random values |M iju,d| ≤ 0.7,
|δ| ≤ 0.2 and select points which fit the observed quark
masses and mixing angles at the 95% C.L..
In order to get a quantitative idea of the impact of
the lepton sector on the Higgs potential and the Higgs
mass, we show in Figure 1 the mass of the lightest top
partner versus the Higgs mass evaluated at the com-
posite scale O(fpi), with the yellow band correspond-
ing to the high-scale value of the actual Higgs mass
mH(fpi) = 105 GeV (1 ± 7.5%), after accounting for
the uncertainties of the running in a conservative way.
We also show the Barbieri-Giudice (BG) measure of the
tuning ∆BG = maxi,j |∂ logOi/∂Xj |, with Oi the observ-
ables considered and Xj the different input parameters
(see [8] for more details), via the color of each point in
the mH − mmin2/3 plane. ∆BG is defined to encode the
amount of tuning among the physical parameters of the
theory [16], with values of ∆BG ∼ 10, 100 correspond-
ing to cancellations of one and two orders of magnitude,
respectively. Such tuning is expected to scale as v2/f2pi .
We can see from the figure that top-partner masses up to
5 TeV are allowed with a more than reasonable amount
of tuning.
III. LEPTON NON-UNIVERSALITY AND RK
Besides featuring a large impact on the Higgs potential
and the possibility of implementing a flavor protection
leading to an almost FCNC-free setup with virtually no
LFV, the unification of every generation of RH leptons in
a single SO(5) multiplet leads to additional interesting
consequences. The mixing of the elementary leptons with
the composite sector is described in the dual 4D strongly
coupled theory by the following Lagrangian
Lmix = λ
`
L
Λγ
`
L
l¯`LO`L + λ
`
R
Λγ
`
R
Ψ¯`RO`R + h.c. (11)
where Λ is the UV cut-off scale, γ`L,R = [O`L,R]−5/2 are
the different anomalous dimensions, λ`L,R are order one
dimensionless parameters and all RH leptons have been
embedded in Ψ`R ∼ 14. Since we expect γ`R < 0, a large
contribution to the Ψ`R kinetic term will be generated
at the scale µ = O(TeV) where the conformal sector
4becomes strongly coupled, leading, after its normaliza-
tion, to the following expressions for the physical masses,
Me ∼ δ``′v`L and Mν ∼ v2`L`R (MΣ)−1``′ `′L`′R,
where `L,R ∼ λ`L,R(µ/Λ)γ
`
L,R and MΣ is the elemen-
tary Majorana mass. It is then clear that featuring
at the same time hierarchical charged lepton masses
and a non-hierarchical neutrino mass matrix requires
eL  µL  τL  1 and `L`R ∼ constant, and thus
0  τR  µR  eR, predicting, in particular, vio-
lation of LFU. (See Refs. [17, 18] for different examples
in the context of CHMs and Refs. [19–23] for other Z ′
models.)
For fermions with a sizable degree of compositeness,
four-fermion operators mediated by vector resonances
which may be relevant for electroweak precision data
(EWPD) and flavor arise cO ∼ c (ψ¯2γµψ1)(χ¯2γµχ1),
where c ∼ ψ1ψ2χ1χ2/f2pi .
According to the expected hierarchy in the RH mix-
ings `R, the most important of these operators re-
garding EWPD will be Oee = (eRγµeR)(eRγµeR)/2,
whose Wilson coefficient cee is constrained to be cee ∈
4GF /
√
2 · [−1.8,+2.8] · 10−3 at 95% C.L. [24]. We show
in Figure 2 the value of cee versus fpi, where the blue
curve corresponds to the best fit to the data. We also
display the 95% C.L. upper bound on cee by a yel-
low line. One can see from this figure that values of
fpi & 1 TeV give already a reasonable agreement with
the data, whereas for fpi & 1.2 TeV the EWPD impose
no significant constraint. Therefore, in order to provide
a conservative assessment of the flavor predictions of the
model, we consider fpi = 1.2 TeV in the following.
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FIG. 2: Value of cee versus fpi. The blue curve shows the best
fit to the data while the yellow line corresponds to the upper
bound at 95% C.L..
Concerning flavor, the most relevant operators
will be O32``qe =
(
q¯2Lγµq
3
L
) (
¯`
Rγ
µ`R
)
and OBs1 =(
q¯2Lγµq
3
L
) (
q¯2Lγ
µq3L
)
. The first one will provide the lead-
ing contribution to RK and we expect the latter to ap-
pear unavoidable if we generate the other one. Instead of
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FIG. 3: Value of |cBs1 (mρ)| versus RK for points reproducing
the Higgs mass and within 2σ from Bs → µ+µ−, for fpi =
1.2 TeV. The blue box marks the allowed values of RK and
|cBs1 | at 95% C.L..
performing a complete flavor analysis of the quark sec-
tor, we prefer to focus on the possible correlations be-
tween cBs1 – and thus Bs − B¯s mixing – and RK . On
the other hand, note already that a large class of poten-
tially dangerous constraints, coming from limits on LFU
violation in charged current interactions, mediating e.g.
K, pi, and µ decays [25, 26], is fulfilled in the model at
hand by construction. In fact, the left handed charged
current ¯`Lγµν
`
L is mostly elementary and the light neu-
trino mass eigenstates contain only a negligible amount
of right handed fields. Thus, charged currents respect
LFU to good approximation in the model at hand.
We evaluate RK by computing the Wilson coeffi-
cients of the O`9(10) = [s¯γαPLb]
[
¯`γα(γ5)`
]
, and O′`9(10) =
O`9(10)[PL → PR] operators from the usual |∆B| =
|∆S| = 1 Hamiltonian [27]. Note that, even though we
are also generating contributions to O`10 and O′`10 that
could in principle lead to large deviations with respect
to the SM predictions in Bs → `+`− decays [28], we ex-
pect the largest effect to arise in the poorly measured
Bs → e+e− decay, rather than in Bs → µ+µ− [29].
We show in Figure 3 the values of |cBs1 (mρ)| versus RK
for the points of the scan with the correct Higgs mass and
a 2σ agreement with the measured value of Bs → µ+µ−
for fpi = 1.2 TeV. The blue box represents the allowed
values in the RK − |cBs1 | plane at 95% C.L., taking into
account the latest bound on |cBs1 | ≤ (240 TeV)−2 [30].
It is clear from the plot that, even in the conservative
case of fpi = 1.2 TeV, which guarantees the agreement
with EWPD, we can explain the observed value of RK
while not violating the bounds from Bs − B¯s mixing or
Bs → µ+µ− for a sizable region of the parameter space.
Note that an eventual experimental agreement with the
SM prediction in RK would not severely constrain the
5model, since values of RK . 1 are also within the range
of predictions. On the other hand, a measurement of
RK > 1 could potentially rule out the model.
IV. CONCLUSIONS
We introduced a new model of lepton-flavor in the
framework of CHMs which, linked to its minimality
has several striking features. First, it predicts a non-
negligible contribution of the leptonic sector to the Higgs
potential, avoiding the necessity of ultra-light top part-
ners. As a corollary, it even allows for more minimal
realizations of the quark sector, compared to the mod-
els known before. Moreover, the minimality allows for
a very powerful flavor protection, avoiding potentially
dangerous FCNCs in the lepton sector. Finally, although
the model was not designed for it, it predicts RK < 1, in
good agreement with the tendency seen at LHCb, while
constraints from B-physics as well as EWPD are met.
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